This paper proposes that an individual's self-assessed health (SAH) does not only suffer from systematic reporting bias and adaptation bias but is also biased owing to confounding health norm effects. Using 13 waves of the British Household Panel Survey, I am able to show that, while there is a negative and statistically significant correlation between SAH and individuals' own health problem index, this negative effect reduces with the average number of health problems per (other) family member. The relative health bias is small, however, which implies that measures of SAH may not suffer seriously from systematic health norm bias.
Introduction
Perhaps one of the most widely used measures of personal health in empirical research, selfassessed health (SAH) is often shown to be correlated with actual health (e.g. Cutler & Richardson, 1997; Kaplan & Baron-Epel, 2003; Groot et al, 2004) . It is also shown to be a powerful predictor of mortality (Idler & Benyamini et al, 1999; van Doorslaer & Gerdtham, 2003) , subsequent disability (Kaplan et al, 1993; Idler & Kasl, 1995) , morbidity (e.g., Ferraro et al, 1997) and subsequent use of medical care (e.g., van Door et al, 2004 ). Yet because it is subjective in nature, its validity continues to be questioned in the literature. Do people say what they mean when prompted to answer a subjective health question such as "Please think back over the last 12 months -how would you say your health has on the whole been?" More specifically, if SAH is a valid measure of true health, why do we continue to observe a differential reporting of health across individuals or groups of individuals with the same objective health status?
A popular explanation for this observation is that SAH suffers from systematic reporting bias.
Individuals from different population sub-groups (e.g. categorized by, among other things, age, gender, education, language and income) are thought to interpret the SAH question within their own specific context and therefore use different reference points when asked to respond to the same question (see, e.g., Lindeboom & van Doorslaer, 2004; HernandezQuevedo et al, 2005) . In short, SAH does not have a natural reference point; rather, it is determined by individual specific situations and characteristics. Another potential explanation for this observation could be that individuals have some notable abilities to adapt to ill health (see, e.g., Groot, 2000; Oswald & Powdthavee, 2008) . In this case, people who have been ill for a long period of time may report levels of health that are much higher than those of individuals struck down with the same illness for the first time, thus leading to the differential reporting of SAH among those with an objective health status. This paper extends from the previous literature by proposing that measures of SAH do not only suffer from systematic reporting bias and adaptation bias but may also be biased owing to confounding health norm effects. This means that individuals with the same level of Section 2 briefly discusses previous literature on SAH. Section 3 considers the role of relative health on SAH. Section 4 implements the test and discusses the results. Section 5 concludes.
Literature review
Previous research on SAH suggests that the respondent's rating of his or her health status expresses subjective as well as objective aspects: information and knowledge that the respondent has, together with body sensations and such subjective elements as perceptions, evaluations and judgemental attitudes (Liang, 1986; Kaplan & Baron-Epel, 2003) . With respect to the subjective dimension of SAH, Krause and Jay (1994) found that people of different age groups tend to think about different aspects of their health when making evaluations. Using data on 158 in-depth interviews, they showed that older respondents were more likely to use specific health problems (e.g., hypertension) as a reference point for their health, while the younger cohorts were more likely to focus on their own physical functioning such as mobility and acute conditions. This means that people with the same 'true health' may end up reporting different levels of SAH depending on their age. The differential reporting of SAH among people with the same objective health is not limited to only those of different age groups. For example, Baron-Epel and Kaplan (2001) showed that people with more years of education tend to assess their health in an optimistic way, even when they share other characteristics such as language, culture, nationality and religion. Using Swedish micro-data, Gerdtham and Johannesson (2001) found SAH to be higher among women, those with a high income, the highly educated, the employed and the married. The differential mapping of true health when reporting SAH by respondent characteristics has been termed 'state-dependent reporting bias' (Kerkhofs & Lindeboom, 1995) , 'scale of reference bias' (Groot, 2000) and 'response category cut-point shift' (Lindeboom & van Doorslaer, 2004; Hernandez-Quevedo et al, 2005) . For a comprehensive review on the evidence of nonrandom measurement error in SAH, see Currie and Madrian (1999) .
Another issue related to the evaluation of SAH concerns the individual's comparison process when making health assessments. Reference group theory suggests that, when asked to evaluate their perceived health, people may compare themselves against their own previous health conditions (e.g. Groot, 2000; Oswald & Powdthavee, 2008) or others of the same age (e.g., Cockerham et al, 1983; Fienberg et al, 1985) . For example, Singer (1974 Singer ( , 1977 found that people with Parkinson's disease tend to select others of their own age rather than those with the same illness as their reference group. When confronted by illness, old people tend to make themselves feel better about their health by adjusting their perception to match that of their age peers (e.g., Levkoff et al, 1987) or the health of stereotypical others of the same age (e.g., Fienberg et al, 1985) . The comparison sets used by respondents may also vary by the level of subjective health they report. Using the subjective health information of 383 Israeli residents, Kaplan and Baron-Epel (2003) found that young people who report sub-optimal health (e.g. less than satisfied with health) tend not to compare themselves to people their own age, whereas a high percentage of old people do. With respect to the comparison with one's own previous health, Oswald and Powdthavee (2008) found that individuals are able to recover around 30% of their loss of well-being after three years of serious disability. More generally, these results seem to suggest that people tend to find ways to evaluate their health in a more positive light.
While the above findings appear to suggest that we are inclined to compare our health with that of stereotypical others with the same characteristics, much less attention has been paid to whether the health of those in close proximity to us has any influence on our health perceptions. Recent studies have shown that the actions of our relevant others (e.g., friends, family, neighbours) can influence not only our objective behaviours but also our subjective well-being (see, e.g., Luttmer, 2005; Vera-Toscano & Ateca-Amestoy, 2008) . Kulik et al (1996) found that patients fare better in terms of mental well-being and future recovery time while awaiting a coronary bypass operation when they share a room with another cardiac patient than with a non-cardiac patient or do not share a room at all. One reason for this may be that it is psychologically beneficial for patients to live with someone who also shares the same burden. More recent evidence for this is shown by Clark and Etilé (2008) , who found that obesity (a BMI of over 30) has a strong negative effect on psychological well-being.
However, this effect is smaller if the individual lives in a household where there is at least one other obese person.
Conceptual issues
The SAH function estimated by studies cited in Section 2 is of the form:
where H is a subjective health index and P is an index of the individual's own health problems. Assume, as conventional, that subjective health is decreasing in P. This paper argues that others' health problems, denoted by P , can also be added into equation (1). Here, subjective health, H, is given by:
One question of interest is how the health problems of our relevant others, P , enter our subjective health function, H. There is relatively little social-science theory upon which to draw. However, mention should be made of Akerlof's (1980) theory of social custom, which proposes that:
• In any given peer-group, there will be a set of standards that individuals are required to follow.
• Deviance from such standards can be costly.
• The cost of deviance will be smaller in peer-groups where the norm to follow such standards is weaker.
To see how we may be able to apply the above model to the case of others' health problems, assume that, in every peer-group, there is a certain health standard for everyone to follow.
The level of health standard is highest in peer-groups every one of its members is healthy, e.g. has no health problems. The drop in subjective health from being healthy to being unhealthy is thought to be largest in peer-groups where everyone of its (other) members is healthy, simply because the norm to be healthy is strongest in these groups. What this framework also suggests is that the weaker the norm to be healthy (as represented by an increase in the share of unhealthy people in the peer-group), the smaller the gap in subjective health between the healthy and the unhealthy.
The literature is coy, however, about who constitutes the peer-group in question. Given that we tend to compare our health with that of stereotypical others of the same characteristics as us, an average health of all within the same age band or of the same gender as the respondent may be a good guess. However, it may also be that the relevant group for the health norm is much more narrowly defined than this. Individuals may also (subconsciously) compare themselves with those living in close proximity to them, such as other family members in their household (see Clark & Etilé, 2008) , and it is this group that I will be focusing in this paper.
Implementing a test

Data
The data set comes from the British Household Table 1 .
Empirical strategy
The latent variable specification for the models considered in this study is given by: There are two variables that represent own and others' health problems in equation (3) Random effects ordered probit specifications (e.g., Contoyannis et al, 2004) 
where . , ,
Given the assumption that the error term is normally distributed, the probability of observing subjective health iht H , conditional on the regressors and the individual effect, is:
where (.) Φ is the standard normal distribution function, and 
Equation (6) contains a univariate integral which can be approximated by Gauss-Hermite quadrature. The latent random effects model is estimated using the random effects ordered probit estimator which is available in STATA.
Results
Is the SAH gap between the healthy and the unhealthy smaller in unhealthy households? To test this hypothesis, I first calculated the average SAH score between individuals with no illness and those who listed one illness out of the 13 listed conditions. Figure 1 summarises the difference between the two for households where the average of illnesses per (other) member is zero, one, and two, respectively. Consistent with Akerlof's model, Figure 1 reveals a noticeably smaller SAH gaps between the healthy and the unhealthy in unhealthier households: health problems hurt less in households where the average illness index per (other) members is high. and −1.134, respectively. This implies that subjective health is, ceteris paribus, associated negatively with an individual's own illnesses and restricted ability to carry out daily activities. The standard errors on the coefficients are 0.005 for the illness index and 0.015 for 'health limits daily activities', so that the null of zero can be rejected at the 1% level.
The remainder of the health problem variables in the first column of Table 2 includes the average illness index and the proportion of limited abilities to undertake daily activities through health of other members in the household. This is to capture the extent of household norm in health, if any.
The average illness index of others has a coefficient of −0.070, while the proportion of others with restricted abilities to perform daily tasks has a coefficient of −0.065. Both are statistically significant at the 1% level, suggesting that others' health problems lower the SAH for those who do not have health problems on average. There is, however, an offsetting factor for those with health problems. As could be seen from the table, an interaction term for own illness index × average illness index of other household members has a coefficient of 0.032, with a standard error of 0.003. In addition to this, an interaction term for own health limits daily activities × proportion of other household members with restricted abilities is also positive and significant: the estimation coefficient is 0.073, with a well-determined standard error of 0.027. These variables and their coefficients suggest that the SAH gap between individuals with no health problems and those with health problems is statistically significantly smaller in households where health problems are more prevalent among other household members, which is consistent with Akerlof's theory. It is also consistent with the findings on relative obesity by Clark and Etilé (2008) and reminiscent of Clark (2003) and Powdthavee (2007) , who found that it is psychologically preferable to be unemployed in an area where there are many jobless people.
Robustness checks
A number of robustness checks can be made.
First, according to Contoyannis et al (2004) , the attrition rates in the BHPS are inversely related to SAH, and in particular, attrition is highest among those who start the survey in very poor health. To be sure that the results are not being driven by individuals who are in the panel only briefly, I redid the estimation, in the second column of Table 2 , on a smaller balanced panel (i.e. recorded over 15 years in the BHPS). Despite some notable increases in the standard errors, there is little change in the size and the significance of the estimated coefficients on own and others' illness index. However, the same cannot be said for the 'health limits ability' variable: the estimate on interaction with others' health limitations falls by over half and becomes insignificant.
Second, to what extent are the results being driven by systematic reporting bias? The random effects ordered probit models of Table 2 assumed implicitly that the explanatory variables have the same impact on the odds of all the ordered scores and that there is a single index that describes 'true health'. However, as described earlier in the literature review, there is evidence that people of different sub-groups in a population tend to interpret the SAH question within their own specific context and therefore use different reference points when they are answering the same question, despite having the same level of true health. To be sure that the results are not driven by the restrictive assumptions of the random effects ordered probit model, the first panel of Table 3 
Substituting (7) into (5) gives the probability of observing subjective health iht H , conditional on the regressors and the individual effect: Third, the random effects specifications assume that the individual effect i u is uncorrelated with the explanatory variables. However, it is well-known in the psychology literature that some people are born with persistent personality traits that make them rate their subjective well-being in a more optimistic way than others. These predispositions, noted by Headey (2006) , are also likely to determine the type of life events the person will experience in his/her lifetime. For example, subjective well-being scores, including SAH, tend to be higher among extroverts. However, extroverts are also more likely to engage in risky behaviours and, as a result, are more prone to chronic health problems and disabilities than less extrovert individuals. This positive correlation between SAH and the incidence of disabilities violates the assumption of zero correlation between i u and the health problems variables and can therefore result in an overestimation of the true impact of health problems on SAH.
One way of dealing with heterogeneity bias is to allow for correlations between unobserved time-invariant factors and the observed variables of interest. The solution, originally proposed by Mundlak (1978) , involves a process that decomposes the individual effect in equation (3) into a time-variable and time-constant component. This can be done by decomposing the explanatory variables of interest -the objective health variables -into their mean over the observation period and the deviation from that mean as follows:
where the objective health variables, denoted by h, are both own and others' illness index and health limits activities variables. The inclusion of these average variables (the so-called Mundlak transformation) is interpreted as picking up the correlation between the individual effect and objective health variables. In effect, the coefficients on the current level of own and others' health problems can now be interpreted as the shock effects that are independent from their mean (or permanent) effects on SAH, which are also in the process free from adaptation bias generated by the respondent's prior experiences of health problems (see Ferrer-i-Carbonell & van Praag, 2002) .
The generalized ordered probit estimates that incorporate the Mundlak transformation are reported in the second panel of Table 3 . Despite the decrease in the size of estimated parameters for some of the health problem variables, nearly all of the interaction terms for own illness index × average illness index of other household members in the second panel of Table 3 continue to be positive and statistically significant at conventional confidence levels.
The results thus suggest that the effect of health norm on SAH is also robust to controls for unobserved time-invariant factors.
Finally, an alternative explanation of the positive externality of others' health problems on SAH may not be psychological at all but in fact reflect a real phenomenon. For example, if I suddenly find it difficult to walk in a household with similarly disabled people, it is likely that the accommodation will be equipped with rails, stair lifts and so on. Similarly, individual with diabetes or a heart condition might benefit from being in household with others with similar conditions because they would benefit from effective dietary control as part of the management of their condition. To test whether the results are being driven by certain types of physical illness that could potentially benefit from others' disabilities of the same type such as problems with walking or difficulty in hearing, Table 4 unpacks the own illness indexes and interacts them separately with the average illness index of other household members in a random effects generalized ordered probit specification with the Mundlak transformation. While the coefficient on the interaction between own and others' illness indexes is positive and statistically significant in all categories of SAH for physical illnesses, such as arms, legs, hands, feet or neck, there is evidence that people who suffer from depression and anxiety also benefit in terms of their SAH from an increase in the average illness index of other household members, which is consistent with the psychological explanation of health norm on health perception. Here, 8 out of the 13 health problems 'work' in the expected directions, i.e. the coefficient on own health problem is negative, but the coefficient on own health problem interacted with others' health problem is positive.
Marginal effects
To illustrate the size of the estimated health norm effect, Figure 3 plots, for a representative individual, the estimated effects of having one of the listed 13 illnesses on the probability of reporting a SAH score of 5 (excellent health category) against the average illness index per other members. The results are based on the random effects generalized ordered probit with Mundlak transformation estimates taken from the second panel of Table 3 .
Although statistically important, the estimated health norm effect appears to be very small.
The gap in the probability of reporting a SAH of 5 between the healthy (own illness index = 0) and the unhealthy (own illness index = 1) is approximately 9.4% in households where the average illness index per other members is zero. An increase in the average illness index per other household members from 0 to 1 reduces this gap from 9.4% to 8.7%, while a further unit increase reduces this gap by the same amount from 8.7% to 8.0%. This 8.0% gap in the probability of reporting a SAH score of 5 is only relevant to a very small fraction of the population sampled (less than 10% of total N live in households where the average illness index 3 ≥ ).
Conclusion
The objective of this paper was to present evidence that self-assessed health does not only suffer from systematic reporting bias and adaptation bias (see, e.g., Groot, 2000; van Doorslaer & Jones, 2003) but is also biased owing to the confounding health norm effects.
Using 13 waves of the BHPS, I find some evidence consistent with Akerlof's (1980) health problems of one point reduces the gap in reporting an "excellent" SAH between individuals with and without health problems by less than 1%. In short, although there is a statistically important health norm effect at the household level, the bias on SAH is unlikely to be very large. This is very good news for researchers working with SAH data as it implies that we may not have to worry too much about controlling for confounding influences from the health of other household members when estimating SAH regression equations. directly rather than being exogenously given as I have portrayed them throughout this article (Manski, 1993) . This implies that the estimated health norm effect cannot be treated as causal and has to be interpreted with care. It seems desirable that future work aim to establish a casual link between relative health and SAH. 
SAH gap
Note: Average SAH P=0 = 4.082 with no other 'not able to do daily activities' household members (N=91,256), average SAH P=1 = 2.719 with no other 'not able to do daily activities' household members (N=10,289), average SAH P=0 = 3.915 with health limits daily activities for all other household members (N=10,214); average SAH P=1 = 2.601 with health limits daily activities for all other household members (N=4,141). A higher number in the Y-axis means a larger difference in the reported SAH between the healthy and the unhealthy. 2-standard-errorbands (90% C.I.) are reported. Note: The predicted probabilities are based on the estimates taken from the random effects generalized ordered probit with Mundlak transformation specification in the second panel of Table 3 .
Appendix: The prevalence of others' health problems for each category of SAH 
